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Abstract 
Background : To analyze serum  copper in anemic 
patients.  
Method: In this descriptive study, serum samples 
of 136 anaemic patients were collected. Patients 
taking copper and zinc supplements, on parenteral 
nutrition, with acute blood loss, with malignant 
haematological disorders  and children of less than 1 
year of age were  not included. Five ml of venous 
blood samples were collected in vacutainers, without 
anticoagulant.Serum was aliquoted into labelled 
appondrof tubes and stored in freezer at -80° C. 
Samples were transported to Chemical analysis 
facility division(CAFD) maintaining cold chain. 
Serum copper levels were determined by atomic 
absorption spectrophotometry. 
Results: Out of 136, majority (80.88%) were female, 
with  male to female ratio of 1:4.2. The age of the 
patients ranged from 1 to 79 years. Maximum 
patients were in 21-30 years age group. Copper 
deficiency was found in 17.64%, while 19.85% had 
raised levels. Microcytic anaemia was predominant. 
Majority (68.38%)  had moderate anaemia. Most of 
the patients with decreased or increased copper 
levels fell into moderate anaemia . In addition to 
anaemia, 9.56% had bicytopenia and 5.14% had 
pancytopenia. 
Conclusion Both copper excess and deficiency 
were noted in this study. Though copper as cause of 
anemia may be rare, but it may have some 
contributory role in anaemia. 
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Introduction 
          Copper plays a critical role in human 
metabolism. It acts as a cofactor of key metabolic 
enzymes, which are involved in respiration, 
neurotransmitter biosynthesis, radical detoxification 
and iron metabolism. The average daily intake of 
copper is between 1 - 3 mg, and this amount is 
adequate for body needs.1 However, in lower socio-
economic groups chances of copper deficiency exist.2  
A study in India found 34% people to be deficient in 
copper.3Copper is also required both for iron 
absorption and utilization. A close relationship 
appears to exist between iron and copper absorption in 
the intestine.4Two important enzymes regarding iron 
utilization of which copper is co-enzyme are ferric 
oxidase II and cytochrome oxidase. Ferro-oxidase II is 
responsible for oxidation of iron. Reduced levels of 
cytochrome oxidase due to copper deficiency impair 
the ability to synthesize heme from ferric iron and 
protoporphyrin as a result of impaired transport of 
iron to haemoglobin synthesizing cells and decreased 
lifespan of RBCs. This defective transport is one of 
causes of acquired sideroblastic anemias due to copper 
deficiency.5 Ceruloplasmin (CP) is a multi-copper 
oxidase that couples the reduction of O2 to H2O with 
the oxidation of Fe (II) to Fe (III).6 
 
Patients and Methods  
   In this descriptive study serum samples of 136 
anemic patients, presenting to P.A.E.C General 
Hospital , Islamabad were collected by non-probability 
consecutive sampling. Patients taking copper and zinc 
supplements ,on parenteral nutrition, with acute blood 
loss,with malignant haematological disorders  and 
children of less than 1 year of age were  not included. 
Five  ml of venous blood samples were collected in 
vacuutainers, without anticoagulant. As specimens 
were considered potentially hazardous therefore  
universal precautions were observed with all specimen 
collection procedures. Samples were centrifuged at 
3000 g for 15 minutes to separate serum.Serum was 
then aliquoted into labeled appondrof tubes and 
stored in freezer at -80° C. Samples were transported 
to Chemical analysis facility division(CAFD) 
maintaining cold chain.Serum copper levels were 
determined by atomic absorption spectrophotometry. 
Normal serum copper level being 1.6-2.4 μmol/L 
 
 Results 
    A total of 136 blood samples of anemic patients were 
investigated in the study. This included individuals of 
both sexes with hemoglobin level less than normal for 
age and sex. Children less than 1 year of age were also 
excluded. Majority (80.88%) were females, with  
female to male ratio being 1:4.2. The age of the patients 
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ranged from 1 to 79 years.Maximum patients were in 
21-30 years age group (Figure 1).  
.  
Figure 1: Frequency of different age groups of (n=136) 
 
Table 1: Copper levels variations in anaemic 
patients* (n=136) 
Variation  No(%) 
Low copper levels  24 (17.64%) 
 High  copper levels 27(19.85%) 
Normal copper levels  85(62.50%) 
*Reference Range of copper=1.6-2.4 μmol/L 
      Table 2. Frequency of type of  anaemia 
                    and serum copper levels 
 
Serum copper  levels No        
     of 
patients Normal 
Deficie
ncy 
Raised 
Type 
of 
anaem
-ia  
Microcytic 
MCV < 80 fl  
 5(40.44%) 
15(11.03 
%) 
18(13.2%) 88 
Macrocytic 
MCV >80 fl 
    
3(2.2%) 
   0( 0%) 1(0.74 %) 4 
Normocytic 
MCV =80-100 fl 
28(20.6%) 
     
8(5.9%) 
8 (5.9%) 44 
Total no of patients 
 
85(62.50%)  
 4(17%) 
 
27(19.85%) 
 
136 
Table 3: Severity of anaemia in 
 study population 
Degree of anaemia  No(%) 
Mild 35(25.73%) 
Moderate 93(68.38%) 
Severe  8(5.88%) 
Table 4.Relationship of severity of anemia with 
copper Deficiency 
 Serum copper  levels 
Normal Deficiency Raised 
 
 
Severity of 
anemia 
category 
Mild(Males<13.0g/
dL;Females<12-
10g/dL) 
 28(20.6 %) 4 (2.94 %) 3(2.20 %) 
Moderate(< 10-
07g/dL) 
  53 (38.8%) 18(13.24 %) 22( 16.17%) 
Severe(< 7-05g/dL) 5 (3.6%) 1(0.74%) 2 (1.4%) 
Very severe(< 
05g/dL) 
     0      0    0 
Total no of patients 
 
    86       23     27 
Copper deficiency was found in 17.64%, while 19.85% 
had raised levels (Table 1). Microcytic anaemia was 
predominant (Table 2). Majority (68.38%)  had 
moderate anaemia (Table 3). Most of the patients with 
decreased or increased copper levels fell into moderate 
anaemia (Table 4). In addition to anaemia, 9.56% had 
bicytopenia and 5.14% had pancytopenia (Table 5) 
 
Table 5 Relationship of type of cytopenia 
with copper levels 
 
Serum copper  levels Total no    
         of 
patients Normal Deficiency Raised 
Type of 
cytopenia  
Anemia only 
  
 76( 55.88%) 17 (12.5 %)  23(16.9 %) 116 
Bicytopenia(Anemia 
with either reduced 
platelet or W.B.C 
count) 
 6  (4.4%)    4  (2.94 %)   2 (1.47 %) 12 
Pancytopenia(Anemia 
with reduced platelets 
and W.B.C count). 
 4(2.94%) 2(1.47%)  2(1.47%) 8 
 
Discussion 
     Many studies have indicated that copper content of 
soil in Pakistan is   exceptionally high which should 
translate as excess copper in fruits and vegetables.7 
Copper content of Pakistani food is not in toxic range.7-
9 Studies conducted in other parts of the world 
indicate  dietary intakes of copper by children and 
adults who consume free diets are often significantly 
lower than the recommended daily allowances of the 
National Academy of Sciences (USA) or the World 
Health Organization eg in Europe and USA intakes are 
about 20% below the recommended 
levels.10Calculations based on surveys of 850 
individual diets from North America and Europe, in 
which copper content was measured by chemical 
analyses, indicated that 35% of diets provided <1.0 mg 
of copper per day , the approximate amount of dietary 
copper found to be insufficient in some short-term 
depletion experiments with humans. Surveyed 
hospital diets provided intakes of only 0.62-0.86 mg of 
copper per day.11 The students' food records of female 
students in Brazil indicated inadequate intakes of 
copper (33%).12 
    A small amount of copper is stored in the body, 
compared with other trace elements such as zinc and 
iron, and the adult body usually contains < 100 mg 
Cu.13 Unrecognized copper deficiency, or marginal 
deficiency, may be much more common than 
previously realized. Indirect assessment of copper 
content of food indicates that copper is not present in 
excess as assumed.  Our study of 136 anemic 
individuals noted higher frequency of anemia in 
females. This result is comparable to other studies 
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carried out in Pakistan and other parts of the world.14-
19 
    This study utilizing W.H.O cut-off values for mild 
moderate and severe anemia found 25.74% to have 
mild, 68.38% moderate and 5.88% to have severe 
anemia. Almost all studies have documented low 
prevalence of severe anemia. Dissimilar results of 
prevalence of mild and moderate anemia among 
different studies can be attributed to difference in cut-
off values used for severity of anemia and population 
under study.20-23 
     There seemed to be a wide inconsistency in serum 
copper levels of anemic patients as evidenced by wide 
variations in  the levels of the element .Our study 
noted copper deficiency in 23(16.91 %) of anemic 
individuals while 27 (19.85%) had excess. National 
Health and Nutrition Examination Survey (NHANES 
II) population for the association between serum 
copper and anaemia in the adult showed a U-shaped 
relationship between serum Cu levels and 
unexplained anaemia, indicating that both high and 
low serum Cu levels are associated with unexplained 
anaemia in adults 25. The reason for this inconsistency 
is obscure.  
     In present study, copper deficiency was more 
prevalent in females (91.7%). This may be attributed 
either to over representation of females in the study or 
indeed copper deficiency may actually be more 
prevalent in females.Copper deficiency was more 
prevalent in microcytic type of  anemia (64.7% ) in our 
study. This contrasts with another recent study of USA 
which states that anemia is typically normocytic or 
macrocytic and rarely microcytic with copper 
deficiency and is of variable severity depending on the 
degree of copper deficiency. Also same study states 
existence of variable severity of anemia with copper 
deficiency which again depends on the degree of 
copper deficiency. Our study noted higher frequency 
of copper deficiency in moderate anemia i.e   
68.38%.This study has documented a significantly 
higher prevalence of anemia from disadvantaged 
socioeconomic status as represented by increased 
number of anemic patients from lower pay scales. Also 
copper deficiency and excess was also more common 
in this socio-economic group. 
 
Conclusion 
Copper level degeneration in anemic patients may be 
more prevalent than anticipated. Both copper excess 
and deficiency were noted in this study. Though 
copper as cause of anemia may be rare, but it may 
have some contributory role in anaemia. 
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